Small intestinal biopsies from three patients with sucrose intolerance (sucrase-isomaltase deficiency) were studied by means of immunoelectrophoresis and enzymatic assays. All patients lacked sucrase activity ( t l unit/g protein). One of the patients had a substantial isomaltase activity (7.8 unit/g protein). Immunoelectrophoresis revealed the presence of the isomaltase polypeptide of the sucrase-isomaltase in this patient. None of the biopsies showed any precipitate that might represent a modified inactive sucrase protein.
The sucrase-isomaltase is an integral protein of the small intestinal brush border membrane. It is built up of two distinct polypeptides having either sucrase or isomaltase activity. In sucrose intolerance (sucrase-isomaltase deficiency). failure of sucrose digestion results in abdominal distension and diarrhea.
The molecular background of this disease is not clear. Some studies indicate that the missing enzyme activities are due to lack of the enzyme protein ( 1 1. 18. 19) . In other studies. the findings are compatible with the presence of a catalytically inactive enzyme protein (8. 10) . Because sucrase and isomaltase activities have a constant ratio in normal biopsies, appear contemporarily during development, and are simultaneously absent in most patients with sucrose intolerance, it has been suggested that they arise from the same structural gene or gene cluster (21) . However, some sucrose intolerant patients with a considerable residual isomaltase activity have been described (3. 8-10) . The molecular background of this phenomenon has not been further investigated.
By crossed immunoelectrophoresis. we recently demonstrated the presence of free isomaltase in addition to the sucrase-isomaltase in normal jejunal biopsies (25) . In this paper. we have examined the protein pattern in three sucrose-intolerant patients by immunoelectrophoresis with special emphasis on the molecular background to this disease.
PATIENTS
Two children (2 and 4 years old) and one adult with clinical symptoms of sucrose intolerance were included in the study.
The diagnoses were verified by flat blood glucose curves during sucrose tolerance tests followed by diarrhea. In the children, the sucrose was instilled directly in the duodenum through a tube because false, flat blood glucose curves otherwise easily can be the result ( 15) .
Peroral biopsies were obtained from the small intestine near the ligament of Treitz under fluoroscopic control. The biopsies which were stereomicroscopically normal were frozen (-18OC) immediately.
MATERIALS AND METHODS

CHEMICALS
GLOX was obtained from Kabi. Stockholm, Sweden. All other chemicals were obtained as in our previous papers (24. 26) .
PREPARATION OF ANTISERA
Brush border membranes were isolated from jejunal biopsies. the proteins were solubilized by Triton X-100. and a polyvalent brush border specific antiserum was raised in rabbits as described earlier (24) . To obtain a specific antiserum against sucrase-isomaltase. line immunoelectrophoresis (16) was performed in 0.037 M sodium barbital buffer, pH 8.7, containing 0.37 M glycine, 0.19 M Tris, 0.1% Triton X-100. and 0.05% sodium deoxycholate (24) . Three hundred pl of the solubilized brush border proteins (3 mg protein/ml) was electrophorized (5 V/cm for 16 hr) against the polyvalent antiserum (2 mg/ml gel) resulting in several precipitate lines. The precipitates were identified by enzymatic staining (24) . The sucrase-isomaltase precipitate was cut, homogenized in 2 ml 0.9% sodium chloride. mixed with I ml incomplete Freund's adjuvant. and used for immunization of a rabbit (500 p1 intracutaneously every second wk for 6 wk). The IgG fraction was obtained using a Protein A Sepharose column (17) .
BIOPSY PREPARATION
The biopsies were thawed, and the brush border proteins were solubilized with Triton X-100 and quantified in crossed immunoelectrophoresis essentially as described earlier (26) . Each biopsy (9. 14. and 15 mg) was homogenized in 40 p1 of a 1% Triton X-100 solution and incubated for 1 hr at 4OC. Six pl were removed for enzymatic assays and protein analysis. The rest of the homogenate was centrifuged at 50,000 x g for 1 hr, and the supernatant was collected. To solubilize the proteins quantitatively, the pellet was resuspended in 30 p1 of the Triton X-100 solution, incubated for a further 30 min at 4OC, and subsequently centrifuged at 50,000
x g for 1 hr. The two supernatants were pooled. Ten p1 of the pooled supernatants were analyzed by rocket immunoelectrophoresis (29) against the specific sucrase-isomaltase antiserum. Another 20 p1 of the pooled supernatants were mixed with 5 p1 of a papain solution [papain (5 mg/ml) and cystein ( I mg/ml)] and incubated for 15 min at 37OC. Twenty pI were then analyzed by crossed immunoelectrophoresis against the polyvalent anii-brush border antiserum. After completion of the electrophoresis, the plates were first stained for sucrase. isomaltase, or maltase activity using sucrose. palatinose. or maltose as substrates, respectively (24) , and then stained for protein by Coomassie brilliant blue. (7) using GLOX as a glucose oxidase reagent (I). Sucrose, isomaltose. maltose. and lactose were used as substrates. The activities of microvillus aminopeptidase (EC 3.4.1 1.2) and dipeptidyl peptidase 1V (EC 3.4.14.X) were determined using I.-alanine-p-nitroanilide and glycyl-L-proline-p-nitroanilide as substrates (24) . The enzyme activities were expressed in units, i e . , pmoles of substrate hydrolyzed per min. The protein concentration was determined according to Wang and Smith (28) using bovine serum albumin as a standard.
isomaltase, lactase, maltase, microvillus aminopeptidase, and dipeptidyl peptidase IV in the biopsies.
The sucrase activity in all the patients were below detection limit of the enzymatic assay ( I unit/g protein). Patient 3 showed a substantial isomaltase activity, whereas the activity in the other patients was below detection limit (0.5 units/g protein). Because sucrase-isomaltase contributes to about 70% (14) Table I shows the specific enzymatic activities of sucrase. Legend same as in Figure I . ' The normal ranges were obtained from I I jejunal biopsies described earlier (23) ' The values were obtained from Asp et a/. (2) .
Fig. I . Rocket immunoelectrophoresis after staining with Coomassie tiserum (60 pg IgG per cm2).
As control, a normal biopsy was electrophobrilliant blue. The biopsies were solubilized as described in "Materials and resed simultaneously with each of the sucrase-deficient biopsies. Number. Methods" and electrophoresed against the specific sucrase-isomaltase anpatient number; C. control biopsy; SI, sucrase-isomaltase; I, isomaltase. antibody concentration was 30 &cm2 gel. C, control biopsy; SI. sucrase maltase activity in normal biopsies. this activity was low in our patients whereas the activity of the other enzymes were within normal limits.
Rocket immunoelectrophoresis (Fig. I ) of a normal biopsy against the specific sucrase-isomaltase antiserum reveals one single precipitate which by enzymatic staining had sucrase, isomaltase, and maltase activities. The biopsies from patients I and 2 show no precipitates. Thus, no immunological reactive. enzymatic inactive sucrase-isornaltase was detected, In contrast, the biopsy from patient 3 shows one precipitate. By enzymatic staining (Fig. 2) . this precipitate had isomaltase and maltase activities, but no sucrase activity. This enzymatic staining pattern together with the precipitation with the specific sucrase-isomaltase antiserum suggests that the precipitate represents the free isomaltase polypeptide of the sucrase-isomaltase.
In crossed immunoelectrophoresis (Fig. 3) against the polyvalent brush border antiserum. the three biopsies show normal maltase. lactase. microvillus aminopeptidase. and dipeptidyl peptidase 1V precipitates compared to a normal biopsy. As previously shown (25) , normal jejunal biopsies contain a small amount of free isomaltase that in crossed immunoelectrophoresis interferes with the sucrase-isomaltase precipitate. The biopsy from patient 3 shows in crossed immunoelectrophoresis one precipitate (1) with a similar electrophoretic mobility and the same enzymatic staining properties as the free isomaltase precipitate in the normal biopsies (Fig. 3) . This indicates that the free isomaltase polypeptide in patient 3 has the same electrophoretic mobility as in normal biopsies. It has been suggested (10) that the isomaltase in sucrasedeficient patients might aggregate with maltase. This seems on background of the crossed immunoelectrophoretic pattern not to be the case in patient 3 because the isomaltase precipitate and the maltase precipitate are separated from each other. Also. the maltase precipitate has the same electrophoretic mobility as in normal biopsies.
The molecular background of sucrose intolerance has been studied with various methods during the last years. Preiser et al. (18) and Schmitz et al. (19) noted the absence of protein bands in the sucrase-isomaltase position in polyacrylamide gels of four sucrose-intolerant patients. This result was supported by Gray et al. ( I I ) using radioimmunoassays on biopsies from seven sucroseintolerant patients. In contrast, Dubs et al. (8) and Freiburghaus et al. (10) demonstrated by immunohistochemical means, using specific antibodies against the sucrase-isomaltase complex, crossreacting protein in sucrose-intolerant patients suggesting that it represented an inactive enzyme variant. Although different experimental approaches might account for the discrepancies in the mentioned studies, there seems to be some correlation between the residual isomaltase activity and the reported findings. In the patients studied by Dubs et al. (8) , the immunofluorescence varied greatly. but the most intensive staining occurred in three patients with a high residual isomaltase activity. Also, the patient studied by Freiburghaus et al. (10) had a high isomaltase activity. In contrast, the patients studied by Preiser et al. (18 (10) were raised against sucrase-isomaltase. Because our study demonstrates the presence of the isomaltase polypeptide in the patient with isomaltase activity, we suggest that the immunofluorescence obtained in the two studies might be caused by the presence of the isomaltase enzyme and not by an inactive sucrase enzyme. Furthermore, we have not in our study found any crossreacting inactive enzyme variant.
Studies on rat and pig intestinal sucrase-isomaltase (13. 22) indicate that the enzyme is synthesized as one-polypeptide chain. The demonstration of free isomaltase might point to the possibility that the two enzymes are synthesized separately. On the other hand. assuming a one-polypeptide chain synthesis. several genetic mechanisms might explain why some sucrase-deficient patients still synthesize isomaltase. Various alterations in the structural gene might lead to synthesis of only the isomaltase part of the polypeptide or to synthesis of a defect sucrase part of the enzyme that is more easily degraded than the isomaltase part. The existence of free isomaltase is in fact compatible with the hypothesis that the synthesis of sucrase-isomaltase starts with the N-terminal isomaltase peptide, also responsible for the insertion of the enzyme in the membrane (6) .
As judged from the literature (3. 5. 8-12. 18. 19 ) approximately 20% of the described sucrose-intolerant patients have. like patient 3 in our study, a considerable isomaltase activity ( I 0 to 25% of the normal mean value). The activity seems. however. always depressed compared to normal biopsies which means that also the synthesis of isomaltase is affected or that isomaltase is more easily degraded when not associated with sucrase. Whether the residual isomaltase polypeptide has the same molecular weight as the normal isomaltase subunit remains to be settled. On background of polyacrylamide gel electrophoresis, it has been suggested that it might occur as an aggregated high-molecular-weight complex (10) . Another possibility is that it is synthesized as a high-molecular-weight, one-polypeptide chain isomaltase as is the case in the sea lion (27) .
It is possible that the sucrose-intolerant patients constitute a heterogeneous group with more or less affection of the structural gene responsible for the synthesis of sucrase-isomaltase. Because the immunoelectrophoretic technique also measures possible immunoreactive intracellularly localized sucrase-isomaltase molecules, it seems unlikely that the disease is caused by a defect incorporation of the enzymes in the membrane as has been suggested (20) .
